The natural feeding of 609 Octopus aegina was studied in relation to the environmental seasonal variations in three populations in the Suez Canal, the Gulf of Suez and the Mediterranean Sea. Samples were collected seasonally from March 2009 till May 2010. Analysis of the stomach contents revealed that O. aegina attained the highest percentages of empty stomachs during spring for the three populations. The (1/2) full stomachs was dominant in the collected samples (32.97 %). The study revealed that 34.43 %, 32.83 % and 32.10 % of the examined stomachs were empty in the samples of Suez Canal, Gulf of Suez and Mediterranean, respectively. There was no definite seasonal food preference, and crustaceans were the most preferable food item followed by fishes. The biochemical composition of O. aegina revealed that females are higher than males in total protein content (72.41 % and 69.29 % for immature and mature females respectively) and total lipid content (38.4 g/100 g dry weight and 33.2 g/100 g dry weight for immature and mature females respectively). Amino acid analysis showed that O. aegina contains higher percentage of non essential amino acids (NEAA) than essential amino acids (EAA). Leucine, Lysine and Arginine had the highest percentage of EEA, while Asparagine, Glutamate and Glycine had the highest percentage of NEAA. EAA in males increased from 36.64% to 37.93 % in immature and mature respectively, while in females it increased from 36.93 % to 41.5 % in immature and mature respectively. Fatty acid analysis showed that males O. aegina contain higher percentage content of fatty acid components (SFA and UFA) than females. The results also revealed that SFA tended to decrease by maturation in males and females. Palmitic (16:0) and Stearic (18:0) were the most abundant SFA. Mature males had the highest percentage content of PUFA.
INTRODUCTION
Food and feeding habits are vital part of biological and taxonomical studies due to their role in the organism's growth, development and reproduction. All these biological processes depend on energy that enters the organism's body in the form of food (Wootton, 1992) . Understanding of the natural diet of a species is imperative for the formation of its nutritional needs and of its relations with other organisms (Albertoni et al., 2003) . In general, cephalopods prey on a variety of species, mainly crustaceans and molluscs, and to a lesser extent on other invertebrates or fish (Guerra and Nixon 1987) . On the other hand, Cephalopods are thought to have rapid digestion rates, but estimates of duration of digestion have widely varied (Venkatesan, 2012) .
The biochemical composition of cephalopods has been studied in a number of species inhabiting both coastal and oceanic waters and originating from tropical, temperate or polar environments (Moltschaniwskyj and Semmens, 2000) . On the other hand, cephalopods have a vigorous protein and amino acid metabolism, and, therefore, a high amino acid requirement exists to maintain optimal growth and to supply energy (Lee, 1994) . The direct use of protein as an energy reserve may account for the lack of major glycogen and lipid reserves in cephalopod tissues (O'Dor et al. 1983) .
Octopus aegina Gray, 1849 is a Lessepsian migrant species (Galil, 2007) . It is a benthic species taken on sandy to muddy see floor in the tropical and temperate latitudes (Roper et al., 1984) . It is trawled out of the coastal waters of Western Pacific, Indian Ocean, Red Sea, Japan to Mozambique, South China Sea (Voss and Williamson, 1971) and Gulf of Thailand (Norman and Lu, 2000) within a depth range 30-120 m. (Roper et al., 1984) . However, a population of O. aegina, whose original distribution is the Indian Ocean and the Red Sea, was encountered and recorded for the first time in the Suez Canal in the 2007s (personal observation) when fishermen were considered octopus as a by-product of the catch. Now in Egypt, O. aegina is caught throughout most of the year by fishermen, mainly for fishing purposes and for human food. Hence, the importance of this study as the first detailed study on food and feeding habits of this species in Egypt.
This study aims to elucidate the feeding biology of Octopus aegina, including feeding intensity and food composition in three sites; the Suez Canal, the Gulf of Suez and the Mediterranean Sea. In addition, the biochemical composition of O. aegina in the Suez Canal is determined and compared between sexes and in different maturity stages. Biochemical composition includes determination of total carbohydrates, total lipids, total cholesterol and moisture; also, Fatty acids and Amino acids profiles were determined.
MATERIALS AND METHODS

1-Study area and sampling
Octopus aegina were collected from three populations along the coast of Deversoir on Great Bitter lake at the Suez Canal, the coast of Suez on the Gulf of Suez and the coast of Damietta on the Mediterranean Sea (Fig. 1) . The samples were collected seasonally from March 2009 till May 2010. The samples were caught by local fishermen using artisanal beach seine and gill net in Suez Canal and industrial trawling nets in the Gulf of Suez and the Mediterranean. In total, 609 individuals were analyzed, 409 collected from the Suez Canal, 152 from the Gulf of Suez and 148 from the Mediterranean.
2-Feeding biology
Stomachs of all specimens were removed and freshly weighed to the nearest gram. Empty stomachs were discarded and the rest were prepared for observation by cutting; the food content of each stomach was removed on a Petri dish and diluted with tap water to be ready for identification. Identification of the food contents was done using a stereomicroscope. The food items were identified to the lowest possible taxonomic level. The feeding intensity was determined visually by the degree of the fullness of the stomach, it was scaled as 0, 1/4, 1/2, 3/4 and Full feeding intensity. The stomach contents and food composition were broadly classified into five categories: Fish remains, Crustacean remains, Sand remains, unidentified remains and Digested matter.
Contribution of different food items to the diet was determined and calculated by frequency of occurrence (% F), where (x) is the number of every food item and (n) is the total number of stomachs containing food (Hyslop, 1980) .
3-Biochemical composition
For each individual, dorsal mantle length (DML, mm), total weight (Tw, g), gonad weight (Gw, g) and digestive gland weight (Dg w, g) were recorded. Sex and maturity stages were determined for each individual. The biochemical analysis was performed in triplicate in these tissues.
The moisture content was determined according to A.O.A.C. (2000) . Total protein was determined colorimetrically according to Josephson and Gyllensward (1957) . Total carbohydrates were determined colorimetrically according to Duboies et al., (1956) .Total cholesterol was determined colorimetrically according to Allain et al., (1974) .Total lipids were calculated using Soxtherm, Gerhadt, laboratory instrument. Amino acids were determined using the Automatic Amino Acid Analyzer, AAA 400, INGOS Ltd., acid hydrolysis was carried out according to the method of Block et al., (1958) . Fatty acids profile was determined by using Gas Lipid Chromatography according to Farag et al., (1986) .
RESULTS
Feeding Biology
Samples in size range of 30 to 95 mm (DML) were used.
Empty stomachs and feeding intensity
In the Suez Canal and for the combined sexes, 34.43 % of the examined stomachs were empty. In males 35.78 % of males' stomachs were empty and ranged between 13.14 % in autumn sample and 34.55 % in spring sample. In females, 32.52 % of females' examined stomachs were empty. The empty stomachs fluctuated between 8.33 % in summer sample and 18.18 % in spring (Figs. 2 & 3) . Regarding feeding intensity, males Octopus aegina in the Suez Canal seemed to feed in a steady rate during different seasons. It attained the highest feeding intensity with a half and quarter stomach fullness during summer and autumn (22.62 % and 22.63 % respectively). Only 1.65 % of the examined stomachs of males was full and appeared only in winter (Fig. 2) . In females, again the half stomach fullness was dominated in summer as the highest seasonal feeding intensity percentage (41.67 %). Active feeding was observed during autumn and winter where varied stomach fullness encountered (Fig. 3 ). Spring and summer had the least variation in feeding intensity.
In the Gulf of Suez, 32.83 % of the examined stomachs of males and females were empty. In males, 40.22 % of males' stomachs were empty. The seasonal percentage of empty male stomachs ranged between 0 % in summer and 46 % in spring. In females, 26.42 % of females' stomachs were empty. The seasonal percentage of empty female stomachs fluctuated between 0 % in summer and 30 % in spring (Figs. 4 & 5) . In the Gulf of Suez and in males, quarter full stomach was dominated during the sampling period (≈ 50.17 %) followed by half full stomach (≈ 48.50 %). Spring was the lowest feeding active season. Although the moderate feeding activity during the following seasons, summer was considered as the highest feeding season; in which the highest quarter and half full stomach were encountered (26 % and 20 % respectively) (Fig. 4) . Females in the Gulf of Suez and as generally seemed to be more active in feeding than males; half full stomach was the highest feeding intensity percentage in all seasons with highest percentage in winter (29.17 %). Spring had the lowest feeding activity and followed by the highest feeding active season, summer; in which there were different degree of stomach fullness intensity and the highest full stomach was encountered (10 %) (Fig. 5 ).
In the Mediterranean Sea and for the combined sexes, 32.10 % of the stomachs were empty. 26.74 % of males' stomachs were empty with seasonal fluctuation between 2.50 % in summer and 29.17 % in winter. In females, empty stomachs percentage were 39.02 % with seasonal fluctuation from 10 % in summer to 35.42 % in winter (Figs. 6&7). In the Mediterranean Sea, half and quarter full stomachs were dominated through the sampling period. In males and for the whole sampling period, half full stomach was the highest feeding intensity percentage (19.57 %) followed by the quarter full stomachs (18.48 %). Summer and autumn were the most active feeding intensity seasons. In summer, 40 % of the examined male stomachs were quarter full, while in autumn, 24 % of the examined stomachs were quarter and half full. Winter had the lowest percentage of feeding intensity (Fig. 6 ). In females, spring and summer were more active in feeding intensity. Quarter full stomach was the highest in summer (22.50 %) while full stomachs reached its highest percentage in spring (8.70 %) (Fig.7) .
Food composition
In the Suez Canal and in males, crustaceans formed 31.27 % of the octopus diet. Maximum percentage occurrence of crustaceans as a food item was in spring (42.31 %) and winter (40 %) while it was the lowest in summer (10.77 %). Fishes comprised 18.15 % of the diet with a range between 6.15 % in summer to 30 % in winter. In females, crustaceans formed 23.49 % followed by fishes 8.11 % of the octopus diet. Autumn and winter were the seasons with the highest percentage occurrence of crustaceans (30.39 % and 37.50 % respectively) and fishes (12.75 % and 10 % respectively) (Fig. 8) . In the Gulf of Suez and according to Fig. (9) , in males, autumn is considered as the feeding season where all food items were encountered with the highest percentage occurrence of crustaceans (29.29 %). Fig. (9) shows that females continued to feed from summer to winter where the all food items were recorded.
Crustaceans were the most abundant food item in the female diet with the highest occurrence percentage in autumn (41.46 %) and the lowest in winter (6.67 %). Fish appeared in the females' diet in a moderately low percentage, the highest percentage occurrence of fishes was in summer (8 %).
In the Mediterranean Sea and in males, all food items attained its highest percentage occurrence during autumn. Crustaceans composed 51.43 % of the diet as the highest percentage occurrence. Low feeding activity was in winter due to poor representation of different food items and the lowest percentage occurrence of the digested matter (41.18 %) (Fig. 10) . Similarly, females' feeding season was in autumn and crustaceans were the most occurred food items with the highest percentage occurrence of 42.86 %. The lowest feeding activity was in spring (Fig. 10) . 
Biochemical composition
Octopus samples used in the analysis were ranged between 206 ±20.51 and 288.5 ±7.78 mm DML, while its total weights were ranged between 35.78 ±1.94 and 75.3 ±6.36 g.
Proximate composition
The proximate composition of the investigated specimens (Table 1) showed high percentage of total protein with maximum value (72.41 %) in immature females and minimum value (64.53 %) in immature males. On the other hand, the table showed low percentage of total lipids, ranged between 28.5 % in mature males and females and 38.4 % in immature females. 
Amino acids
According to Table ( 2), Octopus aegina contains higher percentage of non essential amino acids (NEAA) than essential amino acids (EAA) for the two studied developmental stages. Percentages of EAA tended to increase as octopus get mature for both sexes.
In males, percentages of EAA increased from 36.64 % in immature males to 37.93 % in mature males; while in females it increased from 38.93 % to 41.5 in immature and mature females respectively. The major EAA were Leucine, lysine and Arginine. Percentages of NEAA varied between the lowest percentage of 46.74% in mature females and the highest percentage of 51.38% in immature males. The major NEAA were Glycine and Glutamate. Table ( 3) shows the relative percentage of Saturated Fatty Acids (SFA) and Unsaturated Fatty Acids (UFA) of Octopus aegina muscles. Males contained higher percentage of fatty acids components (SFA and UFA). In immature males, SFA were the highest (52.52 %) and when reach mature stage, UFA was being higher (49.56 %). Mature males were the highest in the relative percentage of polyunsaturated fatty acids (PUFA), docosapentaenoic (C 22 :5, n-3), docosahexaenoic acid (C 22 :6, n-3) and Eicosapentaenoic (C 20 :5, n-3). Females showed a pronounced decrease in the fatty acids percentage as get mature. When females are immature, muscles' content of SFA was the highest (54.42 %); and when being mature, the percentage content of SFA and UFA decreased and was nearly equal (27.38 % and 27.52 % respectively). Palmitic (16:0) and Stearic (18:0) fatty acids had the highest percentage for immature and mature males and females Octopus aegina.
Fatty acids
DISCUSSION
Empty stomachs were the highest in the samples of the Suez Canal followed by similar percentages in the Gulf of Suez and the Mediterranean samples. In the three studied sites, males had more percentages of empty stomachs than females. The present results agree with the results of many authors who recorded high percentage of empty stomachs in cephalopods (Pierce et al, 1994; Riad, 2000) .
The high percentage of empty stomachs could be attributed to the high digestion rate of cephalopods or to the lack in available food supply (Venkatesan, 2012) .The higher percentage of empty stomach of males than those of females in the present study may be due to the females need/store more energy for gamete maturation. This may consistent with the results of Garcia and Gimenez (2002) . In their study on the effect of diet on ongrowing Octopus vulgaris, sex did not have any influence on the octopus growth rate but showed influence on feeding rate which was higher in females.
In the present study, the higher percentage of empty stomachs of Octopus aegina samples were in the spring for the Suez Canal and the Gulf of Suez samples and in winter for the Mediterranean samples. Spring in the present study is suggested to be the spawning season for O. aegina (Osman, 2014) . Riad et al., (1997) reported that Octopus vulagris females stop feeding ten days before spawning and during the brooding periods, while Riad, (2000) reported that the highest percentage of empty stomachs were during the spawning periods of Octopus vulgaris, Eledone moschata and before spawning in O. macropus samples, while in the Mediterranean Sea, Octopus aegina attained its highest percentage of empty stomachs in winter. This may be related to the low temperature and it is effect on the feeding ability. According to Andre et al. (2009) the growth of Octopus pallidus was at its minimum rate during winter although the food availability. This is may reveal decreasing or stopping feeding during this cold season.
Regarding the seasonal feeding intensity, for the three studied sites, the present results revealed that half full stomachs was the dominant stomach fullness within the Octopus aegina samples and the summer was the highest feeding season for this species. Our results agree with many authors who reported increasing feeding activity during warm seasons. Katsanevakis et al. (2005) reported that Cephalopod respond to temperature increases by increasing their food intake.
Females Octopus aegina in the three studied sites follow more or less the same feeding activity pattern as males. The high feeding rate during autumn and winter may reflect the animal's readiness for spawning. These results come in accordance with many researchers who have well documented the relation between feeding intensity and the reproductive state of cephalopods (Cortez et al., 1995) .
Percentage occurrence method and food composition analysis revealed that there is no definite seasonal food preference for Octopus aegina in the three studied sites and also revealed that presence of crustaceans as the main food item followed by fishes for both males and females. Octopuses are carnivorous predators and prefer to feed on a variety of live prey species (Fiorito and Gherardi, 1999) . The present results agree with many researchers reported the same for other octopus species (Villanueva, 1993; Riad 2000) .
It is worth to mention that the food organisms in the stomach were never observed as a whole; instead, they were crushed and broken into bites making their specific identity difficult or impossible to determine. On the other hand, octopuses are generally regarded as opportunistic predators (Iribarne et al., 1993) . This can be seen by the wide variety of prey taken by Octopus aegina throughout the year.
Biochemical analyses of octopus tissues and diets could provide valuable information for nutritional requirements of octopus species and nutritional quality for human consumption purposes (Estefanell et al., 2011) . In this study and regardless the sexual maturity stage, the biochemical composition of Octopus aegina in the present study revealed that females are higher than males in total protein content and total lipid content. Compared to fishes, cephalopods have 20% more protein, 80% less ash, 50-100% less lipid and 50-100% less carbohydrate (Nurjanah et al., 2012) .
In the present study, immature females tended to contain the highest protein content in the muscles and the digestive gland compared to mature females. High protein levels are important for the development of the gonads at a later maturity stage. Like all cephalopods, protein is an important nutrient both for growing and energetic metabolism (George-Zamora et al., 2011) . Formation of gonads and preparation for laying fertilized eggs are the most energy-cost effective process in cephalopods. This may explain the increasing of protein level with maturation (Rosa et al., 2004a, b) . In addition, protein is an important nutrient for tissue accretion and energy source (Rosas et al., 2007) . Therefore; cephalopods require high amounts of protein and amino acids for optimum growth (George-Zamora et al., 2011) . So, this may explain the high protein content within different octopus organs at different maturity stages to more than 50 % in the present results.
Generally, Cephalopods' bodies contain low level of lipid (Battam et al., 2010) . In the present results, analysis of total lipid content of Octopus aegina muscles revealed that in both males and females there was a trend of decreasing lipid content in the muscles with maturation. Females' muscles were higher in lipid content than males and were the highest when immature. This came in accordance with many authors (Navarro and Villanueva, 2003) in the study of O. vulgaris in wild and under culture condition. They stated that wild juveniles tend to lose lipids as they increase in weight. Semmens and Moltschaniwskyj (2000) also reported a decrease in the lipid content of adult individuals of the squid Sepioteuthis lessoniana compared with juveniles, and suggested that higher lipid content could act as energy storage for periods of low food availability. This may reflect the importance of the lipids as an energy source for gonad maturation and for subsequent embryo development Amino acid analysis showed that Octopus aegina contains higher percentage of NEAA than EAA. Leucine, Lysine and Arginine had the highest percentage of EEA, while Asparagine, Glutamate and Glycine had the highest percentage of NEAA. It also resulted in that essential amino acids tended to slightly increase in the octopus muscles as being mature and attained the maximum percentage in mature females.
The present results of amino acids analysis agree with other cephalopod species in other areas in that Arginine, leucine and lysine were among the highest component of EAA (Nurjanah et al., 2012) . The amino acids content could vary among organisms due to geographical differences, species, age and physiological condition (Capillas et al., 2002) . The high level of these EEA in the tissue composition indicates that these amino acids could be limiting essential amino acids in their diets (Villanueva et al., 2004) . Arginine is vigorously metabolized in cephalopods (Hochachka et al., 1983) . During anaerobic work, Arginine phosphate is hydrolyzed leading to increased availability of the Arginine for condensation with glucosederived pyruvate to form octopine, the main anaerobic end product that accumulates in adult cephalopods during periods of exercise and stress (Storey et al., 1979) . This may explain the high percentage of Arginine in immature male in the current study.
Fatty acid analysis showed that males Octopus aegina contain higher percentage content of fatty acid components (SFA and UFA) than females. The results also revealed that mature males had the highest percentage content of PUFA. Palmitic (16:0) and Stearic (18:0) were the most abundant fatty acids. This came in accordance with many cephalopod studies (Ozogul et al., 2008) . The variation of fatty acid composition depends on species, food availability, age, geographical area, season and salinity (Ozyurt et al., 2006) . Adult cephalopods are rich in long Polyunsaturated Fatty Acid (PUFA) (Thanonkaew and Visessanguan, 2006) , in particular, adult males. According to our results and despite low lipid content of Octopus aegina, it may be considered as a good source of n-3 PUFA. These results correspond to those in previous studies (Ayas, 2012) .
In conclusion, the results of this study indicate that Octopus aegina is generally regarded as opportunistic predators. Despite this opportunistic nature, the predominance of crustaceans in the diet of this species may reflect a greater energetic profitability of feeding on crustaceans, as compared with fish-based diet. On the other hand, O. aegina is a good source of protein with high content of EAA. The present study showed low lipids content of O. aegina. However, it is considered as a good source for omega-3 polyunsaturated fatty acid.
